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ABSTRACT
Non-communicable diseases (NCDs) are the leading cause of morbidity and mortality globally,
with the burden largely borne by people living in low- andmiddle-income countries. Adolescents
are central to NCD control through the potential to modify risks and alter the trajectory of these
diseases across the life-course. However, an absence of epidemiological data has contributed to
the relative exclusion of adolescents from policies and responses. This paper documents the
design of a study to measure the burden of metabolic syndrome (a key risk for NCDs) and poor
mental health (a key outcome) amongst Indonesian adolescents. Using a mixed-method design,
we sampled 16–18-year-old adolescents from schools and community-based settings across
Jakarta and South Sulawesi. Initial formative qualitative enquiry used focus group discussions
to understand how young people conceptualise mental health and body weight (separately);
what they perceive as determinants of these NCDs; and what responses to these NCDs should
involve. These findings informed the design of a quantitative survey that adolescents self-
completed electronically. Mental health was measured using the Centre for Epidemiologic
Studies Depression Scale-Revised (CESD-R) and Kessler-10 (both validated against formal psy-
chiatric interview in a subsample), with the metabolic syndromemeasured using biomarkers and
anthropometry. The survey also included scales relating to victimisation, connectedness, self-
efficacy, body image and quality of life. Adolescents were sampled from schools using
a multistage cluster design, and from the community using respondent-driven sampling (RDS).
This study will substantially advance the field of NCD measurement amongst adolescents,
especially in settings like Indonesia. It demonstrates that high quality, objective measurement
is acceptable and feasible, including the collection of biomarkers in a school-based setting. It
demonstrates how comparable data can be collected across both in-school and out of school
adolescents, allowing a more comprehensive measure of NCD burden, risk and correlates.
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Background
The need for high-quality direct assessment of
NCD in adolescents
Non-communicable diseases (NCDs) are now the lead-
ing causes of death and disability globally [1]. People
living in low- and middle-income countries (LMICs)
are disproportionately affected, with NCDs in these set-
tings contributing a large financial burden through lost
productivity and healthcare, posing a substantial barrier
to sustainable development [2]. While adults carry the
burden of NCD deaths and disability, adolescents are
central to NCD control and represent an important
target for intervention [3]. Firstly, key risks for NCDs
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(including substance use, unhealthy diet, physical inac-
tivity, high body mass and components of the metabolic
syndrome) typically rise during adolescence and are
potentially modifiable during this developmental stage
[4]. Secondly, key NCD outcomes including mental dis-
orders (particularly depression and anxiety) and sub-
stance use disorders (both licit and illicit) emerge
during adolescence [5]. Untreated, these NCDs can dis-
rupt education, increase the risk of incarceration and/or
result in social isolation, compounding the socio-
economic disadvantage that often co-exists with NCDs
[6]. Thirdly, for those who become parents, NCDs dur-
ing adolescence increase the risk of NCDs in offspring
and, as such, adolescence provides a unique window to
disrupt the intergenerational cycles of transmission [7].
Yet adolescents have remained very much at the
margins of NCD policy, programming and invest-
ment [8]. One reason may be the paucity of data
measuring the burden of NCDs in adolescents, result-
ing in these needs remaining invisible to those
responsible for policy, programming and invest-
ments. For example, the global coverage of minimally
sufficient data for mental disorders amongst children
and adolescents is only 6.5%; 124 countries, including
populous countries like Indonesia, have no usable
data [9]. A major challenge to collecting good quality
data around NCDs in adolescents is the availability of
high quality, validated scales that are sensitive to local
culture and language. Other important contributors
to NCDs in adolescence, such as metabolic syndrome,
are typically asymptomatic and require direct assess-
ment; the collection of blood is a common barrier to
these assessments in population-based samples of
adolescents [10]. Further complicating the scenario,
adolescents who are likely most at risk of NCDs (such
as those who are homeless, incarcerated or disen-
gaged from school) are typically not reached through
household or school-based surveys, the typical sam-
pling frames for adolescent health surveys [11].
Understanding opportunities for NCD prevention
is a recognised policy priority of Indonesia [12],
a country where rapid socioeconomic development
and urbanisation has driven a substantial epidemio-
logical transition [13]. While the burden of NCDs
amongst Indonesian adolescents remains poorly mea-
sured, data from other rapidly urbanising populations
suggest the burden is likely to be substantial [14].
Given its large population (268 million people,
65 million adolescents), understanding and addres-
sing the burden of NCDs in Indonesian adolescents is
of global significance [5]. This study design paper
documents a mixed-methods research study design
with the aim of collecting high-quality data on the
key NCD outcomes and risks amongst adolescents in
Indonesia. Funded by the Australia–Indonesia Centre
(a partnership between the Australian and
Indonesian governments), it was undertaken to gain
a better understanding of the opportunities for pri-
mary prevention of NCDs early in the life-course.
Collaborative co-design of the research study and
rationale for study focus
Six investigators (PA and SL from Australia and
BW, YD, BM and AR from Indonesia) participated
in a 2-day meeting in Jakarta in January 2017 that
underpinned the co-design of the research project.
The decision was made to focus the study on mental
health given mental disorder contributes almost
a quarter of the modelled disease burden amongst
Indonesian adolescents [15]. Mental health was also
identified as an area of great policy relevance but
where primary data were very limited [16].
Metabolic syndrome was additionally selected as
a focus given the rapidly increasing prevalence of
obesity in Indonesia [5], and unpublished data
showing a higher than expected prevalence of
impaired glucose tolerance amongst Indonesian sec-
ondary school students (Personal communication,
Wiweko 2017). There is also emerging evidence
suggesting mental disorder and metabolic syndrome
are inter-related, potentially sharing common deter-
minants of stress and/or circadian rhythm disrup-
tion [17,18]. We noted that while the prevalence of
tobacco smoking amongst Indonesian adolescents is
amongst the highest globally [5], there are good
quality primary data for this specific NCD risk in
Indonesia [19]. As such, we measured tobacco
smoking (as well as alcohol and illicit substance
use) but did not have these as the primary focus of
this research.
We focussed this study on high-quality quantitative
assessment of mental health and metabolic syndrome.
To enable this, we included a formative qualitative
phase to understand the context and perspectives of
Indonesian adolescents so as to inform targets for
quantitative assessment, as well as targets for effective
policy and programmatic responses. For example, the
Wellbeing of Adolescents in Vulnerable Environments
(WAVE study, adolescent health in mega-cities – but
not including Indonesia) focussed measures of mental
health around hope for the future and depression,
suicidal ideation and post-traumatic stress disorder
(PTSD) [20]. The investigator team was unsure how
these concepts aligned with the mental health needs of
Indonesian adolescents, particularly PTSD.
Obtaining a representative sample of adolescents
across Indonesia (34 provinces across many islands)
was beyond the scope of the existing project. We
therefore sampled adolescents from urban, peri-
urban and remote areas of Indonesia in order to
gain some understanding of variation by geography
and socioeconomic development. We also specifically
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sampled adolescents not engaged in school to explore
of these adolescents were at greater risk of NCDs.
Aims
The overarching aim of this study was to measure the
prevalence of common mental disorders (a key NCD
outcome) and the metabolic syndrome (a key risk)
amongst Indonesian adolescents with the goal of
informing future NCD policy and programming.
Specifically, we aimed to:
(1) Qualitatively explore how in and out of school
Indonesian adolescents conceptualise mental
disorders and metabolic risk (separately),
their perceptions of the determinants, and
their recommendations around appropriate
responses;
(2) Quantitatively measure the population preva-
lence of mental disorder and metabolic syn-
drome, their correlates and inter-relationship
amongst in- and out-of-school Indonesian
adolescents.
Methods
The study was mixed-methods in design and sequen-
tial. We first undertook qualitative enquiry using
focus group discussions with in- and out-of-school
adolescents, exploring mental disorder and metabolic
risk separately. We then undertook a representative
quantitative survey, with biomarker assessment and
psychiatric interview in some adolescents, to estimate
the prevalence of mental disorder and metabolic risk
amongst in- and out-of-school adolescents aged
16–18 years in Indonesia (Table 1).
Study sites and participants
The study was conducted in Indonesia, a majority
Muslim country. Two provinces were purposively
selected to capture Indonesia’s geographic and socio-
economic diversity. Jakarta, the capital city with
a population of just above 10 million, was selected as it
represents the most developed and populous province.
South Sulawesi (Gowa Regency, situated in the
mountainous region on the south-western peninsular
of Sulawesi Island) was selected to sample adolescents
living in peri-urban and more remote regions of
Indonesia. Jakarta and South Sulawesi differ substantially
by population density (15366/km2 vs 397/km2); popula-
tion size of 15–19 year olds (706,550 vs 68,112); and
Human Development Index (80.06 vs 68.33) [21,22].
Given the focus on mental disorder and metabolic
syndrome, the study was focussed on adolescents
aged greater than 16 years given this marks an impor-
tant transition in mental health and metabolic risk,
capacity to provide consent, and capacity to explore
complex issues in research [3,23]. We set the upper
age threshold at 18 years given this is typically when
adolescents complete secondary education in
Indonesia and transition out of education (an impor-
tant sampling frame of this study because it is also an
important platform for health intervention) [3]. The
dynamic nature of the burden of NCDs across ado-
lescence also influenced our decision on a narrow
age-band for this study [3].
Community engagement
We invested in extensive community engagement
given the sensitive nature of the study’s focus, but
also to ensure that the study was appropriate and
relevant to local context. Community forums
(attended by youth advocacy groups, parents, school
staff, community health service staff and community
leaders) were held separately in Jakarta and South
Sulawesi in early 2017 (during study development)
and again in 2018 (prior to embarking on quantita-
tive data collection) to discuss the study, its aims and
procedures. Additional meetings were held with
school principals in Jakarta given the inclusion of
blood sampling and psychiatric interview in these
settings, as detailed below.
Study governance and communication
This research study was a cross-country collaboration
between researchers and institutions in Indonesia and
Australia. The study was co-led by principal investi-
gators from Australia (PA and SL) and Indonesia
(BW), with the investigator team consisting of
Table 1. Summary of study design.
Qualitative Quantitative
Body weight
FGDs
Mental health
FGDs
Self-report
survey
Anthropometry
height, weight, waist
circumference
Biomarkers
Serum samples, blood
pressure
Psychiatric
interview
(MINI Kids)
Online diet
diary
KUALA24
Jakarta
In-school ✔ ✔ ✔ ✔ ✔ ✔ (subset) ✔
Out-of-school ✔ ✔ ✔ ✔
South Sulawesi
In-school ✔ ✔ ✔ ✔
Out-of-school ✔ ✔ ✔ ✔
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researchers and clinicians from Jakarta, Makassar and
Melbourne. Fortnightly investigator meetings were
held by videoconference, these meetings occurred
weekly during data collection. The research team
also developed a WhatsApp group to facilitate com-
munication, particularly during data collection and to
co-ordinate activities. Two distinct teams of data
collectors were assembled to enable parallel data col-
lection across the two jurisdictions, with senior
research assistants and investigators involved across
both groups to ensure consistency in method. The
research team in South Sulawesi developed a ‘team
uniform’ that was worn during data collection, addi-
tionally helping to build team camaraderie, but also
helping to identify researchers within the rural school
and community settings.
Design: qualitative enquiry
The formative qualitative phase used focus group
discussions (FGDs) so as to capture a broad range
of perspectives and stimulate discussion amongst
adolescents. Given that metabolic syndrome is
a cluster of symptoms, many of which are
inconspicuous, we focussed these discussions on the
concept of body weight, specifically being overweight
to ensure consistency and a shared meaning for
participants.
Interview guide
A semi-structured question guide was used to facil-
itate each FGD, based on consultation with local
partners and review of similar studies. Each FGD
began with open-ended questions to explore how
adolescents conceptualised mental health or body
weight (Table 2). Participants were instructed not to
talk about their own experiences but to discuss the
issue more broadly. A diagram of a socio-ecological
framework (levels included individual, friends and
peers, family, school, social media, and community)
was then used to guide participants’ discussions about
perceived determinants. Participants finally discussed
current approaches to mental health/body weight and
proposed what an ideal response would include.
The question guide was developed in English,
translated into Bahasa Indonesia and then back-
translated to check the accuracy of the translation.
Table 2. Question guide for the conceptualisation of mental health/body weight.
Mental health Body weight
Question Probes Question Probes
What do you think of when you
hear the word ‘mental health’?
What do you think it means to be
mentally well/have good mental
health?
Why do you think being mentally
well is important?
What is your understanding of
‘healthy’ or ‘normal’ weight?
How do you know if a person is
healthy?
What do you consider a healthy
weight?
What types of behaviours and
emotional states do you associate
with people who have good
mental health?
How do people who are mentally
well behave?
What do people who are mentally
well look like?
What do you think of when you
hear the term ‘poor mental
health/mentally unwell’?
How would you describe poor
mental health?
What terms have you heard other
people use to describe poor
mental health?
What is your understanding of
‘above normal’ weight’?
How do you know if a person is
above normal weight?
When do you think a person is
considered above normal weight/
unhealthy weight?
What types of behaviours and
emotional states do you associate
with people who have poor
mental health/are mentally
unwell?
How do people with poor mental
health behave?
What do people who are mentally
unwell look like?
How would you know if someone
you knew had poor mental
health?
What types of physical features
do you associate with above
normal body weight?
What types of behaviours do you
associate with someone who is
above normal body weight?
Do you think poor mental health is
an issue for adolescents in
Indonesia? Why/why not?
In what ways do you think poor
mental health impacts physical
health?
In what ways do you think poor
mental health impacts on
relationships between people –
e.g. family, friends/peers,
colleagues?
In what ways do you think poor
mental health would impact
schooling/education, free time
employment?
Do you think being above
normal weight is an issue for
adolescents in Indonesia?
Why/why not?
In what ways do you think above
normal weight impacts general
health? Psychological health?
In what ways do you think above
normal weight impacts on
relationships between people –
e.g. family, friends/peers,
colleagues?
In what ways do you think above
normal weight would impact
schooling/education,
employment?
What kinds of attitudes/behaviours
do you think people have
towards individuals with poor
mental health?
What do you think influences these
attitudes/behaviours?
Are there any cultural or religious
beliefs that influence these
attitudes/behaviours?
Are people with poor mental health
accepted by the community? Do
they face any stigma or
discrimination?
How do you think this stigma/
discrimination impacts on them?
What kinds of attitudes/
behaviours do you think
people have towards someone
who is above normal body
weight?
What do you think influences
these attitudes/behaviours?
Are there any cultural or religious
beliefs that influence these
attitudes/behaviours?
Are people who are above normal
body weight accepted by the
community? Do they face any
stigma or discrimination?
How do you think this stigma/
discrimination impacts on them?
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The guides were piloted with a mixed group of school
and community-based adolescents (8 in total). The
main modifications related to the mental health
FGDs. There was some confusion over the term ‘well-
being’, as no direct translation exists in Bahasa
Indonesia. We subsequently modified the question
guides to refer to ‘good mental health’ and ‘poor
mental health’. The first two FGDs were also
observed by study investigators (LW, BM, YD and
AR). We found that the conceptualisation of mental
health largely focussed on poor mental health rather
than good mental health. For consistency across
FGDs, we focussed the discussion of determinants
around ‘poor mental health’, and then specifically
on stress and depression as these constructs were
consistent with the symptoms and issues discussed.
Social media also emerged as an important determi-
nant, and this was subsequently added to the socio-
ecological framework.
Sampling strategy and recruitment
For the school sample in Jakarta, participants were
purposively selected from a public, a private and
a religious school that the research team had estab-
lished relationships with. Each school principal iden-
tified eligible students (equal numbers of males and
females) who may have a range of perspectives to
share. Eligible students were 16–18 years old, enrolled
in grades 10–12, and had attended school in the
preceding 90 days. Students from across schools
were then invited to participate in FGDs held at the
Indonesian Medical Education and Research Institute
(IMERI), a central and easily accessible location in
Jakarta, with separate FGDs for males and females (to
observe cultural sensitivity and encourage open dis-
cussion). In South Sulawesi, students were recruited
using the same eligibility criteria from a single state
school with FGDs held at that school.
Community-based participants in Jakarta were pur-
posively selected from internet cafes and social institu-
tions (government-funded training centres for out-of-
school adolescents, including those experiencing home-
lessness). Eligible participants were 16–18 years old and
were either not enrolled in school or had not attended
school in the preceding 90 days. Permission was sought
from the manager of each of these settings, after which
the research team visited each one to identify eligible
young people who were then invited to participate.
FGDs were held at IMERI. In South Sulawesi, eligible
participants were identified through a community
health worker as internet cafes and social institutions
were fewer. Interested potential participants were pro-
vided with a leaflet that outlined the details of the FGD
and were provided with 1 week to obtain parent or
guardian consent. These FGDs were held at a school
during holiday break.
Written informed consent of FGD participants was
obtained from respective parents or guardians, with
adolescents themselves also providing written
informed consent/assent. Further, all participants
provided verbal consent at the beginning of each
audio-recorded FGD.
Procedure
FGDs were conducted in September 2017. Sixteen
FGDs were undertaken to accommodate the two
study locations (Jakarta and South Sulawesi), the
two distinct topics (mental health and metabolic syn-
drome), males and females separately, and the two
settings (school and community). Preliminary analy-
sis indicated that data saturation had been reached so
no further FGDs were conducted. A minimum of 8
and a maximum of 12 adolescents were invited to
participate in each FGD to maximise opportunities
for sharing opinions within the group. They were
facilitated by two Indonesian researchers who were
of the same gender and from the same province as
the participants; these researchers had experience in
qualitative research and received further training
from the investigator team around the study’s aims,
qualitative methods, participatory research with ado-
lescents, and research ethics. FGDs were conducted
in Bahasa Indonesia in Jakarta and in local dialect in
South Sulawesi. Each FGD began with an ‘ice-
breaker’ to facilitate open discussion and lasted 45–
60 min. In addition to interviews being digitally
audio-recorded, one facilitator took written notes
throughout each FGD. Participants were provided
with a light refreshment and reimbursed for travel
costs if required.
Analysis
Audio recordings were transcribed in Bahasa
Indonesia and then translated into English. Ten
per cent were back-translated to check for accuracy.
Transcripts were thematically analysed by two
researchers using an inductive approach. Transcripts
were read and re-read to inform the initial coding
frame. Researchers then individually coded tran-
scripts and met regularly to review the coding
frame, refining and adding new codes as needed to
form the final coding framework. Transcripts were
then coded using NVivo11 software and a summary
of the data entered into the framework. Original
audio recordings were reviewed where clarification
was required. The framework was then reviewed to
identify key themes and sub-themes and relationships
between these. Quotes were recorded to illustrate key
themes. Findings were validated with the field
research teams and with in-country partners.
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Design: quantitative assessment
The quantitative assessment involved a representative
cross-sectional survey of adolescents aged
16–18 years both in- and out-of-school populations.
Data were collected using an electronic tablet-
administered self-report instrument that all partici-
pants were invited to undertake. All participants were
invited to have basic anthropometric measurements
taken, with adolescents sampled from schools in
Jakarta additionally invited to have biomarkers col-
lected, have a formal psychiatric interview, and com-
plete an online nutrition diary (Table 1).
Measures
Self-administered survey
The investigator team considered several approaches
to data collection for the survey. Firstly, we consid-
ered how to administer the survey. There was some
concern that adolescents would not complete a survey
that was self-administered, either because the in-
school adolescents would not take it seriously during
class, or due to concerns of limited literacy for the
community-based participants. We considered using
trained interviewers rather than a self-completed sur-
vey, which was weighed against the cost (personnel,
time) and the potential response-bias that this would
introduce which was thought to be especially relevant
given the sensitive nature of mental health in
Indonesia. On balance, we decided that the survey
would be self-administered, with trained interviewers
available to assist where required (for example, lim-
ited literacy). We next considered the mode of the
survey. While paper-based surveys are commonly
used in Indonesia (including the Global School
Health Survey), we decided to use electronic data
capture with the belief that this would be more enga-
ging and efficient. Electronic capture also eliminated
potential data entry error and enabled real-time sto-
rage and analysis of data across Australia and
Indonesia through a secure cloud. Advan i7d tablets
running the 6.0 Marshmallow operating system were
used, with the survey developed using RedCAP. The
survey was developed by the research team, with the
requirement that it could be administered in a single
class (less than 60 min). The draft survey was then
extensively tested by the research team, as well as by
an Indonesian research student who was independent
of the study, which resulted in trimming of content.
The survey was further refined following piloting
with the young Indonesian research assistants who
were employed to facilitate data collection.
Emerging themes from the mental health FGDs
identified that adolescents commonly viewed mental
health needs within the constructs of ‘stress’ and
depression which informed the decision to include
the Kessler Psychological Distress Scale (K10,
a measure of psychological distress) and the Centre
for Epidemiological Studies Depression Scale –
Revised (CESD-R) scale [24,25]. The additional
value of the K10 scale is that it is widely used globally,
while the CESD-R was also used in the WAVE study
of adolescents in mega-cities, which facilitates com-
parison [20]. In response to adolescents’ other per-
spectives of determinants of mental health that were
apparent from the qualitative analyses, we also
included scales of victimisation, connectedness, and
self-efficacy (Table 3). These analyses also highlighted
the interconnectedness between community safety,
injuries and mental health, which resulted in us
including appropriate scales to measure these con-
structs. Qualitative analyses of body weight from the
FGDs informed the inclusion of measures of body
image and quality of life, including physical function.
Anthropometry
All participants were weighed once (without shoes,
dressed in light clothing) using Seca 877 digital scales,
with measurements recorded to the nearest 100 g.
Standing height was measured using a rigid stadi-
ometer (Shorrboard portable). Two readings were
taken, with a third taken if the two readings differed
by more than 0.5 cm. Waist circumference was mea-
sured (light clothing, empty pockets) using a SECA
201 constant tension tape. Two readings were taken,
with a third if the readings differed by more than
1.0 cm.
Biomarkers
Serum biomarkers included those required to measure
the metabolic syndrome (Table 4), haemoglobin (as
a screen for anaemia) and vitamin D. Biomarker assess-
ment was only offered to school-based participants in
Jakarta to ensure we could adequately follow up any
abnormal result. Samples (non-fasting) were taken on
the day of the main survey for pragmatic reasons, and
as such, HbA1 c was measured rather than blood
glucose [26]. Venous blood was collected by a trained
phlebotomist who observed universal precautions in
the first-aid area of each school. Participants were
seated and resting for collection. Afterwards, they
were required to remain in the vicinity for 15 min of
observation. Three study investigators who are also
practising clinicians (BM, YD, AR) were on-site during
the collection of these samples; there were no reporta-
ble adverse events. Haemoglobin was analysed on-site
using a Sysmex pocH-100i automated Haematology
analyser. The other assays were transported and ana-
lysed at the Laboratorium Terpadu, Medical Faculty
University of Indonesia (ISO17035 accredited). Blood
pressure was measured using an automated wrist
sphygmomanometer (Omron HEM-6121); this was
used to minimise assessment time, enable blood
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pressure to be measured by non-clinical staff, and to
minimise the need to remove clothing for participants.
Participants were seated and resting prior to having
two measurements taken at one-minute intervals.
A third measurement was taken if the systolic reading
differed by >10 mmHg or the diastolic by >6 mmHg.
To validate this measure, 26 participants were ran-
domly selected from across two schools to have their
blood pressure manually measured twice by clinicians
BM, YD or AR. Figure 1 reports the Bland-Altmann
plots for these two measures of blood pressure, show-
ing that automated measures were largely in limits for
systolic and diastolic pressure. There were 611 partici-
pants who participated in the school-based study in
Jakarta, of whom 455 (75%) consented and participated
in the biomarker sub-study.
Formal psychiatric interview
The CESD-R and K10 were formally translated and
validated for use in this study [27]. For this task, which
Table 3. Overview of quantitative measures included in the self-report survey.
Theme Tool name or source Domain Items Description
Mental health Kessler 10 (K10) [25] Psychological distress 10 Widely used measure of psychological distress amongst
adolescents, assessing symptoms over the past
4 weeks. Responses to each item are on a 5-point
Likert scale, summed to provide a summary score.
Centre for Epidemiological
Studies Depression Scale
Revised (CESD-R) [24]
Depression 20 Screening tool for symptoms of depression (last
2 weeks) aligned with the Diagnostic and Statistical
Manual V.
Intentional and
unintentional
injury
Sourced from Global School
Health Survey [34]
Physical injuries 4 Questions relating to injuries sustained in the last
12 months, including major cause, help-seeking
behaviour and the influence of substance use.
Sourced from Youth Risk
Behaviour Survey [39]
Road traffic injuries
and safety
4 Questions relating to motor vehicle and cycle injuries,
including safety, influence of substance and mobile
phone use.
Self-harm 3 History of deliberate self-harm (ever, last 12 months)
and frequency.
Quality of life Youth Quality of Life
Instrument-Surveillance
Version (YQoL-S) [40]
Quality of life 13 Multidimensional tool that asses generic quality of life
of adolescents aged 11 to 18 years.
The Pediatric Quality of Life
Inventory (PedsQL) [41]
Health-related
quality of life
(physical function
subscale)
8 Physical function sub-scale, assessing physical ability
and symptoms over preceding 30 days.
Body perception The Body Dissatisfaction Scale
[42]
Body dissatisfaction 3 Visual scales assessing ideal body type and actual body
shape. The discrepancy between the actual versus
ideal body shape constitutes the participant’s body
dissatisfaction score.
Nutritional risk Sourced from Health
Behaviour in School-aged
Children Survey (HBSC)
[43,44]
Dietary intake 4 Questions relating to weekly consumption of fruits,
vegetables, sweets and soft drinks.
Physical activity 4 Questions relating to engagement in daily physical
activity (over the last 7 days) and sedentary
behaviours
Substance abuse Sourced from Global Youth
Tobacco Survey (GYTS) [45]
Tobacco use 9 Questions relating to experimentation, age at debut,
current use, past use, cessation and advertising –
including items around electronic cigarettes.
Youth Risk Behaviour
Surveillance System (YRBSS)
[39]
Alcohol use 4 Questions relating to experimentation, age at debut,
current use, alcohol-related issues.
Illicit drug use 4 Questions relating to experimentation, age at debut,
current use, drug type, drug-related problems.
Victimisation The Juvenile Victimisation
Questionnaire (JVQ) [46]
Polyvictimisation 12 Assessment of multiple forms of victimisation, including
physical and emotional maltreatment, neglect,
robbery, theft, vandalism, threat or assault, peer or
sibling victimisation, family or community violence
and exposure to gun shooting, bombing or cyber-
bullying
Self-efficacy Generalised Self-efficacy Scale
[47]
Self-efficacy 10 Measure of perceived ability/belief in oneself to solve
problems and reach goals.
Connectedness Social Connectedness Scale
(Revised) [48]
Social connectedness 6 Assesses the degree to which participants felt
connected to others in their social environment
Family Attachment Scale [49] Family
connectedness
4 Assesses connection to, and thoughts and feeling
about, their mother and father.
Safety Neighbourhood Scale [50] Community safety 3 Respondents asked to rate levels of neighbourhood
safety using a 5-level Likert scale.
Health service
access
Adapted from Global School
Health Survey [34] and
Global Youth Tobacco
Survey (GYTS) [45]
Barriers and enablers
to health service
access
20 Questions relating to health-seeking behaviours
(physical & mental health), health information
provision, preferred sources of information, health
promotion messaging.
Table 4. Criteria for metabolic syndrome [51].
Metabolic syndrome for this study was defined as central obesity
(waist circumference of ≥90 cm for males and ≥80 cm for females),
plus two of the following:
(1) Raised triglycerides (≥1.7 mmol/l)
(2) Reduced HDL-cholesterol (<1.03 mmol/l in males, <1.29 mmol/l in
females)
(3) Raised blood pressure (systolic: ≥130 mmHg or diastolic:
≥85 mmHg)
(4) Raised HbA1 c (≥5.6%)
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included establishing appropriate thresholds, school-
based participants from Jakarta were randomly invited
to have a formal psychiatric interview (details below).
The Mini International Neuropsychiatric Interview for
Children and Adolescents (MINI-Kid) was used, with
modules including: major depressive episode, dysthymia,
panic disorder, separation anxiety disorder, and general-
ised anxiety disorder [28]. We limited this assessment to
school-based adolescents in Jakarta to ensure we could
follow-up any clinically concerning findings. We calcu-
lated that a sample size of 180 was required to estimate
the sensitivity and specificity of a threshold of K10 and
CESD-R with a precision of <10%; 196 participated in
this module. In each class selected for this module
(detailed below), six consenting students were randomly
selected (using the RAND command in excel) to parti-
cipate. To minimise respondent burden, these psychia-
tric interviews were conducted the day after the main
survey. Interviews were administered by child and ado-
lescent psychiatrists (TW, FK) or psychologists in train-
ing (supervised by TW and FK) in a private space within
the school. Each interview took approximately 30 min.
a) Systolic 
b) Diastolic 
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Figure 1. Bland-Altmann curves for systolic (upper panel) and diastolic blood pressure (lower panel) measured by physician
(gold standard) and automated wrist sphygmomanometer in mmHg.
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Diet diary
In addition to the nutrition items included in the main
survey (Table 3), all school-based participants in Jakarta
were invited to download and complete an online 24-
hour diet recall diary using the android application
‘KUALA24ʹ (unpublished, co-developed by AR and
BW). KUALA24 is specific to Indonesian food and
drinks, which allows for a nuanced, culturally appropriate
assessment of dietary intake. As only 12 participants
logged onto the application and no participant fully com-
pleted this assessment, no data were available for analysis.
Sample size
We estimated a formal required sample size for the
school-based sample. Given the complex sampling
approach, we estimated that a sample size of approxi-
mately 1500 was required to estimate a conservative pre-
valence of 50% of either NCD outcome or risk, with
a margin-of-error of 5% (95% confidence, design effect
[deff] = 2.0). Given the unique sampling theory under-
pinning Respondent-Driven Sampling (RDS), a sample
size target of 800 was primarily based on feasibility and
budget.
Sampling strategy and recruitment
In-school adolescents were sampled using multi-stage
sampling, while out-of-school adolescents were
sampled using RDS.
School-based participants
Given the target age range of 16–18 years, we recruited
students from grades 10–12 in Indonesia. We randomly
selected a total of 24 schools; 12 senior high schools from
the 581 public, private and religious senior high schools
in Jakarta and 12 from the 987 schools in South Sulawesi
(which is a larger geographic province than Jakarta). In
consultation with the relevant school principal or admin-
istrator, we then identified the number of grades 10, 11
and 12 classes in each school and randomly selected one
class from each grade for each school (three classes per
participating school). All students of the selected classes
were invited to participate if they were eligible: aged
16–18 years, enrolled and attending the school in the
previous 90 days; and able to obtain parent/guardian
consent. Students were excluded if they had
a significant health issue or other reason that might
impact on their participation in the study, as decided
by the investigator team. At the time of data collection,
one school in Jakarta declined to participate due to exam
period; given the larger than expected grade sizes and
large sample obtained fromother schools, this school was
not replaced. In total 2,509 school students were invited
to participate (consent forms sent home to parents), with
1,337 (53.2%) participating in the school-based survey
(611 from Jakarta and 726 from South Sulawesi)
(Table 5).
Community-based participants
Respondent-Driven Sampling (RDS) was used to
recruit out-of-school adolescents, a chain-based
recruitment strategy that is widely used to sample
‘hard to reach’ populations, including adolescents
[29,30]. In brief, RDS identified a number of initial
‘seeds’ to participate in the study. These seeds then
referred a number of peers to participate (in this
study 3 peers were invited), who were each subse-
quently invited to refer peers to participate. Referrals
were managed through the use of coded but de-
identified coupons (in our case, with an expiry of
14 days), that linked each participant back to the
referrer and the original seed. We recruited seeds
across four geographic locations: Central Jakarta,
non-central (East) Jakarta, Makassar (urban South
Sulawesi) and Jeneponto (remote South Sulawesi).
Within each of these four locations, we selected four
seeds (16 overall) who represented diversity in terms
of gender and the reasons they were not at school
(such as homelessness, parenthood, engagement in
work or vocational training). These seeds were iden-
tified through staff at youth centres, homeless shel-
ters, community health workers, and workplaces. We
aimed for 200 responses from each of the four geo-
graphic locations (total sample 800). One additional
seed was identified in Central Jakarta to achieve this
(a total of 17). Eligible participants (aged 16–18 years,
not attending school in the 90 days prior, able to
obtain parental/guardian consent) completed the
same survey as the school-based participants, with
additional items relating to the size of their social
network. Each participant received a small token for
Table 5. School-based sample.
Jakarta South Sulawesi
Grade 10 Grade 11 Grade 12 Total Grade 10 Grade 11 Grade 12 Total
Number of consent forms distributed 414 440 410 1264 369 432 444 1245
Number of consent forms completed and returned 199 254 175 628 218 244 267 729
Excluded – did not meet inclusion criteria for age 17 0 0 17 2 0 1 3
Completed questionnaire 182 254 175 611 216 244 266 726
Consented and eligible for metabolic sub-study 161 200 153 514
Completed metabolic sub-study 157 159 138 454
Consented and eligible for mental health sub-study 149 179 123 451
Randomly selected to complete mental health sub-study 64 84 48 196
This table shows the school-based sample for the questionnaire and sub-studies, across Jakarta and South Sulawesi. Bold values signify total counts.
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participation and was reimbursed for transportation
if required. In total, 824 participants were recruited
through the 17 seeds (421 in Jakarta and 403 in South
Sulawesi). The most common chain length was three
referrals deep; the longest was 11 referrals deep
(Figure 2).
Procedure
The quantitative component was completed between
February and December 2018, with the school-based
sample completed first. In Jakarta, school-based
assessments begun with registration and confirming
parent/guardian consent. Participants then completed
the electronic survey within a normal class session (60
min). Over the next 60 minutes, students participated
in a ‘lite’ class, with consenting students being called
out to have their anthropometry measured and bio-
markers collected. In total the assessments took 2 h per
class group, making it possible to complete all three
grades in a single day visit. To ensure efficiency, we
extensively practised the logistics with the team in
a ‘mock’ classroom setting. Participants selected and
consenting to have a mental health interview were seen
on the subsequent day. For the South Sulawesi school-
based sample, the inclusion of only the survey and
basic anthropometry meant that most could be com-
pleted in a single class session. For the community-
based sample, community-based hubs were established
in the four geographic locations. These were staffed by
research assistants with an appointment system.
Analysis
Quantitative data from the school and community-based
samples will be analysed separately owing to their distinct
populations and sampling methodologies. Population
prevalence (of mental disorder, of metabolic syndrome)
and independent exposure effects will be weighted using
post-stratification inverse-probability weights and
Taylor-linearised variance/standard errors estimation
used for inference – accounting for the lack of indepen-
dence in observations due to the complex sampling
methodology. Cross-sectional associations with selected
exposures will be estimated using multivariate logistic
regression. The RDS estimator will be used to derive
and apply the appropriate sampling weights in preva-
lence and logit regression estimation in the community
population and bootstrapped standard errors estimated
for inference. Missing data (scale scores and covariates)
will be imputed using Multiple Imputation for both
prevalence estimation and logit regression analyses in
both in- and out-of-school populations.
Follow-up and referral
Data captured through the psychiatric interview and
biomarker assessment were considered of clinical
relevance. Following psychiatric interviews, arrange-
ments were made for participants who were assessed
to have significant psychiatric symptoms to be fol-
lowed up through the Department of Psychiatry,
Universitas Indonesia and/or their local doctor. For
the biomarker assessments, any participant with
results that met criteria for the metabolic syndrome
(as defined in Table 4), hypertension alone (Table 4),
impaired glucose tolerance (≥5.7%), vitamin
D deficiency (<15 ng/ml) or anaemia (Haemoglobin
<130 g/L males, <120 g/L females, <100 g/L pregnant)
was followed up by a letter sent to their parent/
guardian with information about the result that con-
tained advice to consult with their local doctor.
No follow-up or referral was offered to any indi-
vidual on the basis of responses made in the self-
reported survey. Instead, at the end of the survey,
all participants were provided with written informa-
tion about local health and mental health services.
Participants were also encouraged to speak to any of
the study staff if they were distressed.
Figure 2. Referral chain depth for respondent-driven sampling (community-based sample).
This figure shows the distribution of referral chains in respondent-driven sampling in the red bars (black bars are the seeds).
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Ethical approval
Ethical approval was provided by the Alfred Hospital
Health Research Ethics Committee in Australia
(approval 114/17) and by Ethics Committee of the
Faculty of Medicine, Universitas Indonesia (approval
714/UN2.F1/ETIK/2017). Three issues were discussed
at length with the Australian ethics committee. The
first is related to consent for participation. Despite
recognition of the emerging capacities of adolescents
older than 16 years [23] and potential impact on
recruitment, a condition of ethical approval was that
parental consent needed to be obtained for all parti-
cipants. In the case of homeless young people, it was
considered acceptable to obtain this consent from the
manager of the homeless shelter. Secondly, there was
concern that items relating to substance use may
incriminate or socially marginalise young people
who reported use. Our response to the ethics com-
mittee (and participants) was to assure them that the
self-report surveys were completely anonymous and
did not collect any identifying information (including
date of birth). To enable follow-up of biomarker
results, contact details were obtained and stored sepa-
rately and destroyed once follow-up was complete.
The third issue discussed was around concerns about
the need to follow-up reports of self-harm. However,
as the items enquired about self-harm over the
preceding year (not current ideation), it was agreed
that we were not measuring acute risk. As outlined
above, all respondents received information about
local mental health services.
Planned analyses
We plan to analyse the qualitative data to report the
concepts, perceived determinants and responses to
poor mental health and overweight, respectively,
from the perspective of Indonesian young people.
This analysis and new understandings will then
frame the analysis of quantitative data where we
aim to report the population prevalence, correlates
and inter-relationship of poor mental health and
metabolic syndrome.
Discussion
This study will substantially advance the assessment
of NCD risk and outcomes amongst in-school ado-
lescents as well as more vulnerable adolescents. It
demonstrates that quality, objective measurement is
acceptable and feasible, including the collection of
biomarkers in a school-based setting. Furthermore,
we have shown that comparable data can be collected
from in-school and out-of-school adolescents which
allows a more comprehensive measure of NCD bur-
den and risk. This study particularly demonstrates the
value of formative qualitative enquiry that privileges
the voice and perspectives of young people them-
selves. This helped to ensure we aligned the subse-
quent quantitative measures with the perceived
mental health concerns of Indonesian adolescents,
and will also, in due course, inform considerations
around the appropriateness and acceptability of
responses.
This study addresses substantial data gaps around
metabolic risk in Indonesia, which will help to iden-
tify opportunities for intervention early in the life
course where interventions are likely to be most
effective [16]. Available data on the metabolic syn-
drome in Indonesia are predominantly from adult
samples [31]. For example, adolescents were absent
from Indonesia’s most recent WHO STEPS surveil-
lance, which was conducted in 2006 and only
sampled those over the age of 25 years [32].
Indonesia’s ongoing NCD surveillance program Pos
Pembinaan Terpadu (POSBINDU) is largely drawn
from health services, likely to under-sample adoles-
cents who are asymptomatic.
This study also makes important contributions
around mental health, an area where data are despe-
rately lacking, not only in Indonesia [9]. While both
the Global School Health Survey and RISKESDAS
include measures of mental health in Indonesian
adolescents, neither survey includes any measure
that has been formally validated for clinically signifi-
cant mental health problems [33,34]. Furthermore,
the sampling frames of these surveys (school and
home) are highly likely to exclude those at greatest
risk. Indeed, the specific focus on vulnerable adoles-
cents in this study (a pervasively neglected group) is
a major strength.
Previous studies in Viet Nam and China have
measured the metabolic syndrome amongst adoles-
cents at school [35,36]. Similarly, studies in Viet
Nam and Thailand have validated mental health
scales and sampled adolescents from both school or
community settings [37,38]. What is unique to the
current study is the robustness and concurrent mea-
surement of mental health and metabolic risk.
A particular strength of this approach is that it will
enable better understanding of any relationship
between these two NCDs, as well as other important
exposures such as victimisation, connectedness and
body image as measured through scales included in
this study. In addition to insights about pathogen-
esis, such knowledge could also help frame appro-
priate public health responses. The sampling of
a large number of vulnerable out-of-school adoles-
cents is expected to be of major interest.
Understanding the differential prevalence of mental
health and metabolic risks is expected to inform
population estimates, as well as the need for actions
in different settings.
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Beyond the quality of measurement and sampling,
a strength of this study is that from its inception, it has
been a collaborative effort that resulted in shared learn-
ings and capacity development between researchers in
both countries. The importance of face-to-face meetings
cannot be underestimated as a critical foundation of this
collaboration. However, regular (and often informal)
communication through closed social media
(WhatsApp) has been an equally important aspect of
this study that has helped foster meaningful, trusting
relationships.
The study has important limitations. Qualitative
enquiry used focus group discussions (FGDs) as we
hoped to capture a broad range of perspectives; how-
ever, stigma related to mental health (and obesity) may
have limited discussion. To mitigate this risk, we
emphasised that participants should talk about the
issues broadly (not their individual experiences), com-
mencing each FGD with an ‘ice-breaker’ to build rap-
port. The measurement of metabolic syndrome was
limited by the non-fasting nature of serum samples,
which was required for pragmatic reasons. Of the dif-
ferent measures, blood glucose is most sensitive to
fasting status, which has been largely mitigated by the
use of HbA1c. We also used an automated wrist sphyg-
momanometer to measure blood pressure.
Reassuringly, our validation exercise found that wrist
measurement provided reasonably consistent blood
pressure recordings when compared to physician mea-
surements. While we would have preferred to have
included a wider sample of adolescents for psychiatric
interview, we felt that the priority had to be that of
safety, which led to our more limited focus on in-
school adolescents from Jakarta. Engagement with the
online diet recall survey was also limited, likely reflect-
ing the need for young people to complete this in their
own time, availability on the android platform only,
and potential concern around data usage. We had
anticipated that participation in this online module
may be biased and included key nutritional measures
in the core survey as a safeguard.
In conclusion, the data generated from this study
will strengthen our understanding of NCDs amongst
adolescents in Indonesia, the world’s third most
populous country that is central to the prosperity of
the Asia Pacific region. We hope that the methods
and measures developed here may help strengthen
future NCD surveillance systems in Indonesia, and
that the study may serve as an example of how to
strengthen NCD measurement for adolescents in
low- and middle-income countries more generally.
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